Background: The management of acute traumatic cervical spine injury in a third-trimester pregnancy is challenging with risks involved for both the mother and the fetus. We report one such case that was managed successfully with good maternal and fetal outcomes. Case presentation: A 30 years female, gravida 2, para 1, living 1 at 31 weeks 5 days of pregnancy, met with a RTA and was diagnosed with AIS B C4-C5 extension compression spinal cord injury (SCI) with a viable fetus. Closed reduction of C4-C5 dislocation was achieved through controlled cervical traction. Having involved the patient in informed decision-making, anterior cervical discectomy and fusion (ACDF) was performed under general anesthesia (GA), with obstetrician, as well as neonatologist available in the operation theater. The pregnancy was uneventful in the post-operative stage. A healthy baby was delivered at 36 weeks of gestation through cesarean section. At final follow-up review of 12 months the patient was ambulatory without support and was able to perform most of the regular activities independently. Discussion: The significant risk of a spontaneous delivery with GA posed the dilemma of either managing the injury conservatively through bed rest, continuing the pregnancy till its term and then opting for surgical stabilization after delivery or opting for surgical stabilization of the spine immediately, with a view for early mobilization and rehabilitation. A successful outcome of traumatic cervical SCI in third-trimester pregnancy can be achieved by multi-disciplinary (anesthetist, obstetrician, neonatologist, spine surgeon, and physiatrist) team, and timely surgical spinal stabilization, followed by early comprehensive rehabilitation.
Introduction
The incidence of traumatic spinal cord injury in a pregnant woman is quite low and only a few cases have been reported in the literature [1] . However, adequate literature is available for the management of pregnancy in women with spinal cord injuries [1] . The management of acute traumatic cervical spine injury in the third-trimester of pregnancy is challenging with regard to the risks involved for both the mother and the fetus and the difficulties in rehabilitation. We report one such case that was managed successfully with good outcomes for both the mother and fetus and review the literature for various aspects of the management.
Case presentation
A 30-year-old female patient, gravida 2, para 1, living 1 at 31 weeks and 5 days of pregnancy met with a high-velocity RTA while traveling in a four-wheeler. She was given first aid, stabilized, and transferred to our tertiary care center 24 h later and kept under vasopressor (Inj. Dopamine) support. She was admitted to the intensive care unit and her vitals were stabilized. Comprehensive evaluation, including an MRI of the cervical spine and an ultrasonography (USG) of the abdomen were performed. She was diagnosed with AIS B C4-C5 extension compression SCI ( Fig. 1 ) with a viable fetus, adequate liquor, and closed internal os. Controlled awake cervical skeletal traction was applied immediately and the C4-C5 dislocation was reduced by a sequential increase in weight to 12 kg (Fig. 2) .
We were uncertain with regard to the further course of management. After the deliberations we narrowed down to two options: (i) managing the injury conservatively with bed rest, continuing the pregnancy till the end of its term and then opting for surgical stabilisation after delivery; or (ii) going in immediately for surgical stabilization of the spine with a view to early mobilisation and rehabilitation. An anesthetist, obstetrician, neonatologist, spine surgeon, and a physiatrist were involved in the decision-making as were the patient and attendants. ACDF C4-C5 was performed under GA, modifying the anesthetic agents, under the cover of tocolytics as well as continuous FHS monitoring and with an obstetrician, as well as a neonatologist available in the operation theater (Fig. 3) . The duration of the radiation exposure was restricted, and the abdomen was shielded with lead aprons. The patient tolerated the surgery well and the immediate post-operative period was uneventful. Her rehabilitation began from the second postop day with minimal modifications of the protocol. As per the advice of the obstetrician and the patient's preference, her bladder was managed with an indwelling silicon catheter. The motor power of lower limbs improved gradually. At 36 weeks gestation, in view of respiratory discomfort and a previous history of delivery by cesarean section, an elective cesarean section was performed. She withstood the surgery well and a healthy baby girl was delivered (Table 1) .
Results
The patient successfully underwent a cervical spine stabilization surgery. The pregnancy progressed till 36 weeks gestation when she underwent a cesarean section and delivered a healthy baby with 2.7 kilos of birthweight with an APGAR score of 10. There were no perioperative incidents. At a twelve-month follow up, the patient's neurological status had improved from AIS B to AIS D, her 
Discussion

SCI during Pregnancy
Though there is substantial literature on the management of pregnancy in an individual with a spinal cord injury, there is hardly any literature on the management of acute SCI in pregnant women. The few available case reports on managing SCI in pregnant women are mainly for non-traumatic SCI. When it comes to the management of cervical SCI in a pregnant woman, there is a paucity of literature [1, 2] . Hence, our dilemma about managing our situation.
Three case reports on managing SCI in pregnant women in their second trimester reported successful outcomes with early surgeries and continuation of the pregnancies [3] [4] [5] . One case series [6] with three patients of advanced pregnancy and SCI had poor fetal and maternal outcomes with conservative management. Emergency cesarean delivery and the surgical stabilization of the spine in this series resulted in improved neurology of the mothers, but the newborns had low birthweight and APGAR score (Table 3) . Therefore, we opted for early surgical stabilization of the spine, early rehabilitation, and continuation of the pregnancy in this case.
Though emergency non-obstetric surgery can be done in any trimester, it is safest in the second trimester of pregnancy [7] , when procedures under GA can be tolerated. In the third trimester, there are increased chances of spontaneous labor [8] , and problems of a preterm delivery should be anticipated. Our patient was a 30-year-old gravida 2, para 1, living 1 at 31 weeks and five days of gestation with 24 h-history of AIS B acute traumatic cervical SCI, as a result of a C4-C5 fracture dislocation. It is now wellestablished that the multi-disciplinary approach plays a vital role in managing any SCI patient [9] . In a pregnant female patient with SCI, an obstetrician and a neonatologist also need to be included in the team. In this case, various modifications were done to the normal protocol of each discipline as per the needs of the pregnancy. The salient modifications are highlighted in the following text.
Spine surgery
As per dictum, when both the mother and the fetus are at risk due to a procedure, then the mother's health should be given priority [7] . In this case, the mother had an incomplete injury and had good chances of improvement in neurology with an early intervention. Hence, we successfully attempted an early reduction of the cervical dislocation with cervical traction. Once the reduction was achieved, the patient was given the options of: (i) continuing the pregnancy with bed rest till term/spontaneous delivery; or (ii) undergoing a spine fixation first, starting rehabilitation early, and continuing with the pregnancy till its term. Each strategy had its own advantages and disadvantages. With the first option, the advantages were that the fetus would not be exposed to any radiation and the risk of preterm delivery would not be increased. The disadvantages were that she would need to be on bed rest and thus, it would not be possible to start an early aggressive rehabilitation program. With the second option, the advantage of definitive stabilization of the spine and early commencement of rehabilitation would be there along with the disadvantage of exposure of the fetus to intraoperative radiation and risk of preterm delivery with general anesthesia. The patient was given an alternative option from her gynecologist elsewhere to first undergo an emergency cesarean section and plan the cervical spine surgery subsequently. However, we were not in favor of this strategy due to the disadvantage of a preterm delivery. After discussing the pros and cons of each strategy with the team of obstetrician, neonatologist, anesthetist, physiatrist, and spine surgeon, the patient and attendant chose the second option. Under continuous FHS monitoring, a C4-C5 ACDF was done. Grade IV and V Extension compression injuries usually require 360 degrees fusion [10] , but in this case, only anterior fusion and stabilization was done, considering the risks of the prone position required for posterior stabilization. The fact that there might be a need for posterior surgery at a later date was explained to the patient.
Thromboprophylaxis
A pregnancy by itself is a hypercoagulable state with a 4-5 times higher risk of thromboembolism [11] , and SCI further increases the risk of thromboembolism. Hence, thromboprophylaxis becomes very essential. We used both pharmacological and mechanical measures for thromboprophylaxis. Low molecular weight Heparin (LMWH) can be safely given during pregnancy for thromboprophylaxis [12] . Hence prophylactic injection Clexane 60 mg was given subcutaneously over the thigh (not abdomen) once a day, and intermittent pneumatic compression device was used for both lower limbs.
Radiographs
Hazards of the exposure of the fetus to radiation in the third trimester are quite low. However, it should be avoided wherever possible [13] . The radiation exposure was minimized in this case through the following measures. i. Preoperatively: An MRI was done for the primary diagnosis and only two lateral view radiographs were done during the closed reduction by cervical traction. A CT scan was not taken. ii. Intraoperatively: Localization of the level for the incision was done using surface marking of various anatomical landmarks. Use of fluoroscopy images was minimized to only the essential steps. Lead aprons were draped over the abdomen with four supports connected to OT table and the slings connected to the supports so that the weight of the aprons was not transferred to the abdomen (Fig. 4) .
Obstetric management
Due to the risks of preterm delivery, an informed decision was taken by the patient and the attendants to continue the pregnancy till term or till any significant fetal/maternal distress was noticed under the vigilant protocol while giving her tocolytics [8] . Isoxsuprine [14] , a beta-adrenergic drug, acts on the uterine smooth muscle and causes uterine relaxation (tocolysis). Isoxsuprine 10 mg tablet was given every 6 h, with regular FHS monitoring and periodic USG abdomen to look for any signs of fetal distress. To enhance the fetal lung maturity in anticipation of a preterm delivery, the administration of antenatal steroids (Beclomethasone or Dexamethasone) [15] is recommended. In this case, two doses of 12 mg Inj. Betamethasone IM were given at a 24 h interval. Bladder training (CIC) was delayed and she continued with a Foley's indwelling catheter for two weeks, for reasons of physical comfort. At 36 weeks of gestation, the patient complained of respiratory discomfort and back pain, which began interfering with rehabilitation. Hence, she was given the option of an elective cesarean. Since the patient opted for an elective cesarean, it was performed and a healthy baby was delivered. The postpartum period was uneventful.
Anesthesia
At this stage of pregnancy (31 weeks and 5 days), there is a high risk of spontaneous delivery during the perioperative period with GA [8] . This must be explained to the patient and informed consent should be taken if surgery is planned. Tocolytics should be given perioperatively [7] to avoid premature uterine contraction and spontaneous delivery. Inj. Isoxsuprine 10 mg slow IV stat was given before shifting the patient to the operation theater and the infusion was continued during the administration of anesthesia.. However, the infusion was withheld due to hypotension. Postoperatively, Inj. Isoxsuprine 10 mg IV bolus was given and repeated every 6 h, for 24 h, every 8 h for the next 24 h, and then continued for five days with a 10 mg tablet three times a day.
Positioning
The risk of aortocaval compression by the uterus is more in the supine position. This can cause supine hypotension which can be effectively avoided in the left lateral decubitus or wedging [7] . Since the anterior cervical spine surgery had to be performed in the supine position, we applied the wedge under the right hip, prophylactically. However, the patient had supine hypotension and was able to maintain blood pressure only with inotropic (Dopamine) support.
Anaesthetics
Propofol was used for induction and Rocuronium bromide for intubation. The anesthesia was maintained with oxygen, air, isoflurane, and propofol mixed with ketamine (5:1 ratio), so as to avoid a fall in the BP. Nitrous oxide was avoided since it increases blood flow to the brain (by decreasing the vascular resistance) and increases the risk of intracranial hemorrhage in the premature fetus [8, 16] . The patient was reversed with neostigmine and glycopyrrolate. After reversal, the patient was extubated. After 1 month (at 36 weeks of pregnancy), elective cesarean section (for obstetric reasons) was performed under routine general anesthesia. Sedatives were avoided until the delivery of the fetus.
Rehabilitation
Rehabilitation of pregnant women with SCI is challenging due to the difficulties in mobilization, transfers, skin integrity issues, bladder and bowel care, and the association of complications like autonomic dysreflexia (if neurological level proximal to T6), deep venous thrombosis and UTI [17] . The weight and increased skin integrity issues due to pregnancy necessitated greater vigilance and skin care. The Fig. 4 Positioning and use of lead apron as a shield over the abdomen with side supports increased weight and the protuberant abdomen posed additional difficulty in transfers and mobilisation, leading to greater dependence even after she had regained reasonable motor power. Standing on an "Oswestry frame" required a slight modification and tilt table was not used in order to avoid pressure over the abdomen.
Bladder Care: The protuberant abdomen in the third trimester can pose difficulties in doing a self-clean intermittent catheterisation (CIC). Our patient was reluctant to perform CIC, therefore an indwelling silicon catheter was utilised for two weeks. The risks of UTI are higher during pregnancy, and as recommended by the literature, she was prescribed a prophylactic dose of Nitrofurantoin, an oral bacteriostatic drug for asymptomatic bacteriuria [18] . After two weeks her bladder-control improved, and she was able to self-void.
Bowel care: Constipation is a frequent problem with spinal injuries, and pregnancy compounds the issue [19] . Our patient initially had difficulty in regular bowel movement. However, the problem resolved with a more rigorous implementation of bowel management program.
Indian scenario
This case was managed in a center recognised by the government as the Apex Tertiary Level Center for management of spinal injuries. However, the same facilities and expertise is not available in most other centers in the country [20] , and thus most of the centers would not have been able to manage such a patient with the same kind of positive outcome. India does not have appropriate public health resources with only 3.93% of the GDP spent on health expenditure [21] . Rapid urbanization has occurred. However, 66% of the population still lives in rural areas [22] , where health needs are mainly taken care by the public hospitals (primary health centers), which have only basic amenities and such patients could not have been appropriately managed. In fact, most of such centers would not have the multi-disciplinary team required for the management of such patients [20] .
Conclusion
Acute traumatic spinal cord injury in a pregnant female patient in the third trimester is a difficult scenario with risks to both the mother and the fetus. With an interdisciplinary approach and vigilant protocol, surgical fixation of the spine can be performed under GA with good outcomes for both the mother and the fetus. Early initiation of rehabilitation and continuation of the pregnancy till term are the keys to successful outcomes.
